ABSTRACT -The inhibitory effects of xanthone on genotoxicity induced by paraquat and NaNO 2 in cultured Chinese hamster lung (CHL) cells were examined. Xanthone forms the central core of xanthones. Xanthones are present in mangosteen, which is widely used as health food because of its many pharmacological properties. Paraquat (PQ, a superoxide anion generator) and NaNO 2 induce genotoxic effects, including sister chromatid exchange (SCE) and decreased cell cycle rate, in CHL cells. Xanthone inhibited the genotoxic effects of PQ and NaNO 2 at concentrations of more than 5 μM. The present results suggested the potent antigenotoxic effects of xanthones in mangosteens.
INTRODUCTION
Mangosteen (Garcinia mangostana L.) is a tropical fruit found in Southeast Asian countries such as Thailand and Vietnam. Products from mangosteen, such as juice, are used as health foods in many countries, including Japan. Mangosteen contains xanthones, which comprise a specialized family of antioxidants (Yoshikawa et al., 1994; Pinto et al., 2005) . Xanthones are reported to have antioxidative properties including free radical scavenging, metal chelating, inhibition of li p i d p e r o x i d at i o n ( Yo sh i k awa e t a l . , 1 9 9 4 ; Mahabusarakam et al., 2000; Pinto et al., 2005) , and to have beneficial effects on the cardiovascular system (Jiang et al., 2004) . Moongkamdi et al. (2004) reported the antiproliferation, antioxidation, and induction of apoptosis by mangosteen extracts in SKBR3 human breast cancer cell lines.
The current study investigated whether xanthone, the central core compound of xanthones, acts as an inhibitor of the genotoxic effects of superoxide anion and nitric oxide. As genotoxic compounds, PQ was used as a superoxide anion generator, and NaNO 2 was used because nitric oxide is rapidly converted to NO 2 − Tanaka, 1998).
In previous research (Tanaka, 2000 (Tanaka, , 2005 , the inhibitory effects of green tea polyphenols on the genotoxicity of PQ, NOR4 (a nitric oxide generator), and NaNO 2 have been reported. It is interesting to compare the antigenotoxic activity of xanthone with that of green tea polyphenols.
MATERIALS AND METHODS
SCE: SCE analysis was used as an index of genotoxic activity (Tanaka and Amano, 1989) . CHL cells (CHL/IU) were obtained from DS Pharma Biomedical Co., Ltd., (Osaka, Japan). Cells were seeded at a density of 10 5 cells/ml in rectangular bottles and were then incubated for 20 hr at 37°C in 10 ml Eagle's minimum essential medium (MEM; DS Pharma Biomedical Co.). MEM was supplemented with 10% calf serum (DS Pharma Biomedical Co.). After washing the cells with phosphate-buffered saline (PBS; 0.01 M, pH 7.4) and adding fresh MEM, the cells were exposed to PQ (Sigma Co., St. Louis, MO, USA) or NaNO 2 (Wako Pure Chemical Industries Co. Ltd., Osaka, Japan) and 5-bromo 2'-deoxyuridine (BrdU; final concentration, 10 μM; Sigma Co.) in the dark at 37°C. Xanthone (Funakoshi Co. Ltd, Tokyo, Japan), dissolved in dimethyl sulfoxide (DMSO; Wako Pure Chemical Industries Co. Ltd., Osaka, Japan), was added 30 min prior to PQ or NaNO 2 addition. After 5 hr of exposure to NaNO 2 or PQ, cells were again washed with PBS and incubated in Correspondence: Reiko TANAKA (E-mail: r-tanaka@well.ac.jp) MEM for 20 hr at 37°C. Four hours before the end of incubation, colcemid (final concentration, 0.2 μg/ml; Gibco Laboratories, New York, USA) was added to each bottle. After incubation, cells were harvested with trypsin (Merck Ltd., Darmstadt, Germany), and were then centrifuged (112 × g, 5 min). Following treatment with 0.04 M KCl (Wako Pure Chemical Industries Co.) for 15 min at 37°C, chromosomes were obtained by centrifugation (174 × g, 5 min) and were fixed with methanol-acetic acid (3:1 v/v). These procedures were performed in a darkened laboratory because BrdU is sensitive to light. The chromosomal preparations were stained with 2% Giemsa solution (Merck, Darmstadt, Germany) in 0.3 M Na 2 HPO 4 (Wako Pure Chemical Industries Co.) at pH 10.4 for 30 min. The results were recorded as the frequency of SCE/metaphase cell for chromatids that had undergone two replication cycles (Ikushima and Wolff, 1974) . Experiments were repeated 5 times.
Cell cycle rate: To examine the effect on cell proliferation, the cell cycle rate of the cells was determined. Cells were not counted directly because CHL cells easily aggregate, and it is difficult to count the number of cells accurately. The CHL cells were seeded at a density of 10 5 cells/ml in rectangular bottles and then incubated for 20 hr at 37°C in 1 ml MEM. After washing cells with PBS and adding fresh MEM, cells were exposed to PQ or NaNO 2 and colcemid at 37°C. Xanthone, dissolved in DMSO, was added 30 min prior to PQ or NaNO 2 addition. After 5 hr of exposure to NaNO 2 or PQ, cells were again washed with PBS and incubated with colcemid in MEM for 20 hr. After fixation as described above, cells were stained with Giemsa's solution (pH 7.6). The cell cycle rate was evaluated by recording the number of mitotic cells (Tanaka and Amano, 1989) . Cell cycle rate (%) = (number of mitotic cells recorded/number of total observed cells) × 100. Experiments were repeated 5 times.
Statistical analysis
All data are expressed as the mean ± S.E. Statistical significance was determined using Student's t-test (Gad, S. et al., 1982) . Table 1 shows PQ or NaNO 2 -induced SCE in Table 1 . Induction of sister chromatid exchange (SCE) with paraquat (PQ) and NaNO 2 . Table 2 . Effects of xanthone on PQ-and NaNO 2 -induced SCE.
RESULTS
SCEs/metaphase (Mean ± S.E) NaNO2 (μM) SCEs/metaphase (Mean ± S.E) PQ (μM) 2.45 ± 0.12 # 0 3.00 ± 0.11 # 0 3.98 ± 0.16*** 5 3.55 ± 0.13* 0.1 4.30 ± 0.16*** 10 4.40 ± 0.18*** 0.5 4.60 ± 0.17*** 20 4.41 ± 0.14*** 1 5.14 ± 0.18*** 50 4.68 ± 0.13*** 5 5.36 ± 0.17*** 100 5.05 ± 0.19*** 10 CHL cells were exposed to PQ or NaNO2 for 5 hr. 3.02 ± 0.13*** 50 10 3.04 ± 0.16*** 1 10 CHL cells were exposed to PQ or NaNO2 for 5 hr. The number of recorded metaphase cells was 50 to 60. *** p<0.001 vs 1 μM PQ # or 50 μM NaNO2 # Vol. 32 No. 5 CHL cells. The frequency of SCE increased in a dosedependent manner with PQ and NaNO 2 in the examined concentration range. A significant increase of SCE was observed at concentrations greater than 0.1 μM PQ and 5 μM NaNO 2 . Based on these results, 1 μM PQ and 50 μM NaNO 2 were used to determine the effects of xanthone.
The effects of xanthone on PQ-and NaNO 2 -induced SCE are shown in Table 2 . DMSO did not affect SCE induction at 50 μl/10 ml MEM (data not shown). Based on this result, 50 μl of xanthone solution in DMSO was used. As shown in Table 2 , no significant increase in SCE was observed at 10 μM xanthone or at 20 or 50 μM (data not shown). Xanthone significantly inhibited the induction of SCE with 1 μM PQ (0 μM xanthone in Table 2 ) at concentrations of more than 5 μM xanthone. The effects of xanthone on NaNO 2 -induced SCE are shown in Table 2 . Xanthone was significantly effective at levels of more than 5 μM.
To examine the effect on cell proliferation, cell cycle rates were determined. Table 3 shows the cell cycle rates of CHL cells exposed to PQ for 5 hr. Cell cycle rates decreased in a dose-dependent manner, and reaching significance at doses of more than 0.5 μM PQ. To determine the effects of xanthone on cell cycle rate, 1 μM PQ was used.
Cell cycle rates in CHL cells with NaNO 2 are also shown in Table 3 . Dose-dependent decreases were observed. Cell cycle rates deceased significantly at concentrations of more than 30 μM NaNO 2 . Based on these results, 50 μM NaNO 2 was used to determine the effect of xanthone on NaNO 2 -produced decreases of cell cycle rate.
DMSO did not affect the cell cycle rate of CHL cells at the examined concentrations of 10, 20, and 50 μl/ml in MEM (data not shown). Based on these results, 20 μl/ml of xanthone solution in DMSO was used. Xanthone did not affect the cell cycle rate of Table 3 . Effects of PQ and NaNO 2 on cell cycle rate. Table 4 . Effects of xanthone on the decrease of the cell cycle rate with PQ and NaNO 2 .
Cell cycle rate (%) (Mean ± S.E) NaNO2 (μM) Cell cycle rate (%) (Mean ± S.E) PQ (μM) 33.5 ± 1.8 # 0 33.4 ± 0.8 # 0 33.3 ± 2.2 10 26.6 ± 1.8 0.1 36.3 ± 1.6 20 21.1 ± 1.5*** 0.5 25.0 ± 1.1*** 30 19.3 ± 1.6*** 1 20.0 ± 1.0*** 50 19.5 ± 1.7*** 5 15.9 ± 1.3*** 70 14.9 ± 1.6*** 10 CHL cells were exposed to PQ or NaNO2 for 5 hr. Cell cycle rate is the ratio of metaphase cells to the total number of recorded cells with colcemid for 20 hr, expressed as a percentage. *** p<0.001 vs 0 μM PQ # or NaNO2 # n=5
Cell cycle rate (%) (Mean ± S.E) NaNO2 (μM) Xanthone (μM) Cell cycle rate (%) (Mean ± S.E) PQ (μM) Xanthone (μM) 29.0 ± 2.0 0 0 22.3 ± 0.8 0 0 28.9 ± 2.5 0 10 24.4 ± 0.9 0 10 13.8 ± 1.8 # 50 0 10.9 ± 1.3 # 1 0 15.5 ± 1.6 50 1 14.3 ± 1.6 1 1 14.5 ± 1.5 50 2 16.0 ± 1.1 1 2 22.3 ± 1.0*** 50 5 21.0 ± 1.1*** 1 5 27.2 ± 0.9*** 50 10 23.8 ± 1.3*** 1 10 CHL cells were exposed to PQ or NaNO2 for 5 hr. Cell cycle rate is the ratio of metaphase cells to the total number of recorded cells with colcemid for 20 hr, expressed as a percentage. *** p<0.001 vs 1 μM PQ # or 50 μM NaNO2 # n=5 CHL cells at 10 μM (Table 4 ), or at 20 or 50 μM (data not shown); however, cell cycle rates were decreased at 70 μM (data not shown).
The effects of xanthone on the cell cycle rate of PQ-treated CHL cells are shown in Table 4 . Xanthone significantly inhibited the decrease of cell cycle rate with 1 μM PQ at more than 5 μM, and xanthone significantly inhibited the decrease of cell cycle rate with 50 μM NaNO 2 at more than 5 μM.
DISCUSSION
A methanol extract of the fruit hulls of mangosteen was found to exhibit potent radical scavenging effects and more potent antioxidative activities than α-tocopherol (Yoshikawa et al., 1994) . In addition, inhibitory activities against lipoprotein oxidation (Williams et al., 1995) , histamine release and prostaglandin E 2 synthesis (Nakatani et al., 2002) , and other many effects of mangosteen have been reported resulting in its widespread use as a medicinal plant.
In the present study, the effects of xanthone on the genotoxic effects of PQ and NaNO 2 were examined. Xanthone was chosen for this study because it is the core compound of xanthones, which are the antioxidative constituents of mangosteen. In previous papers (Tanaka, 2000 (Tanaka, , 2005 , the inhibitory effects of (−)-epigallocatechin gallate and (+)catechin, both of which are polyphenols found in green tea, were found against PQ-, NOR4-and NaNO 2 -induced SCE, and effects on cell cycle rate in CHL cells. Green tea polyphenols were effective at concentrations of more than 1 μM (Tanaka, 2000) . Compared with tea polyphenols, xanthone seemed to have weaker activities. Xanthones contain several phenolic constituents and are assumed to have greater free radical scavenging activity and metal chelating activity than xanthone alone. Therefore, it has been assumed that xanthones have more potent antioxidative, anti-inflammatory, and cancer chemopreventive effects than xanthone. The present results suggested the potent antigenotoxic effects of xanthones in mangosteens.
